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THE AGE AND TAPHONOMY OF FOSSIL THALASSINA
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ABSTRACT

The natural history of the mudlobster Thalassina anomala (Herbst) explains the
abundance of fossils of these creatures. Aftcr cach moult, the cast off exoskeleton
remains in the burrow where it undergoes rapid carbonate permineralization. The
condition of the fossil exoskeletons give direct evidence of the moulting process of
Thalassina Latreille. A general account of living mud lobster natural history is
given and an estimatc of the age of local Thalassina fossils is made.
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INTRODUCTION

Attractive crustacean fossils known locally
as “scorpions” or by other misnomers have
been popular items with amateur collectors
in northern Australia for many ycars. Spcei-
mens of fossil mudlobsters (Thalassina sp.)
are available as souvenier items from several
commeretal outlets in Darwin. Recently
improved access to one of the best known
localities of fossil Thalassina sp. has meant
attraetive examples for amateur collections,
display and eommereial purposcs ean be
found in reasonable abundance (Figs 1.2)
Several members of the curatorial staff of the
N.T. Museum have experieneed an inerease
in public requests for information on speci-
mens they have lound or purehased. Public
enquirics usually concern identifieation, age,
commereial value and legality of export. We
have also been casually monitoring the possi-
ble depletion of the resouree and destruction
of souree areas by digging or increased vehi-
cle access. It has eome to our attention that
bulk shipments of these fossils have been
apprehended by customs offieials before they
could be shipped overseas. While we have no
indication of the market valuc of Thalassina
sp. fossils in overseas markcts, we can
assume, from the extent of priee ranges
within Australia ($1.50-$50.00) that it will be
inflated and that misinformation or lack of
information about the fossils will acecompany
the sales.  In 1984 a Darwin newspaper and
a local radio interview program innocently
contributed to the bulk of misinformation
about the fossil mudlobsters through inter-
views with a Freneh “Palacontologist” who
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vented his splecn on the complacency of local
scientists with rcgard to the study of the
Thalassina Latreillc fossils, which he consi-
dered to be millions of years old.

In fact, there is an adcquate though scat-
tered and somewhat obscure literaturc on liv-
ing and fossil mudlobsters that would give
any intercsted person a reasonablc account
of them, beginning with Professor Thomas
Bell’s paperin the Proceedings of the Geolog-
ical Society for 1884. Etheridge (1916) sum-
marizes thc literaturc on Thalassina from
Australia up to the time of publication. Sub-
sequent popular notcs have appeared among
which Bennett (1968) stands out as the most
useful.

This paper provides information on the
natural history of living Thalassina specics
including information we consider rclevant
to the intcrpretation of the fossil material
that clarifies many poorly understood aspects
of their palacontology. An account of their
distribution as living and fossil forms and
how anatomieal structure and habits relate to
their appearance and mode of oeeurrence as
fossils is provided, as is an estimation of their
geological age.

THALASSINA NATURAL HISTORY

Mudlobsters are shy, secretive creatures
rarely seen by even the keenest observer.
Inhabiting burrows up to two metres in depth
and seldom venturing to the surface, mueh of
the life and habits of these animals is mysteri-
ous. Reeords of mudlobstcrs (sec Rollct 1981
for bibliography) indicate the animals are
always assoeiated with mangrove habitats,



Peter F. Murray and J. Russell Hanley

)

0

Fig. 1. Distribution of Thalassina anomala.

either living within mangroves or
immediately adjacent to them. This associa-
tion is because both mudlobsters and man-
grove trces require muddy substrates. The
genus Thalassina has a tropical Indo-West
Pacific distribution (MacNae 1968) in com-
mon with a large component of the fauna of
mangroves in our region (Fig. 1). Scveral
specics or varicties have been identified,
though at present the taxonomy of the genus
is in a state of flux. Although all Australian
material has been referred to 7. squamifera
De Man by Poorc and Griffin (1979), we
propose to include all local living and fossil
Thalassina species under 7T. anomala
(Hcrbst) pending a revision of the genus.

In Australia 7. aromala occurs from
Exmouth on the north-west coast (Jones,
pers. comm.), northwards along the tropical
coastline whenever suitable conditions
occur, down to Gladstone on the north-east
coast (Gillics 1951; MacNae 1966). Cooler
temperatures cxclude the majority of man-
grove trce specics from subtropical and
temperate latitudes and is possibly also the
limiting factor in the explanation of the dis-
tribution of 7. anomala.

Within a mangrove mudlobsters occur
from the seaward edge up to a level that
depends on the physical characteristics of the
site. In the monsoonal tropics where coastal
environmcnts experience a protracted dry
season mudlobstcrs do not occur at the upper
levels of the intertidal zone. At these high
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levels on the shore it is likely an animal sus-
ceptible to dehydration like 7. anomala
(Sankolli 1963) is restricted in distribution by
the incrcasing depth to which it has to burrow
to cnter the water table. In the everwet reg-
ions of the tropics, this restriction does not
apply and mudlobsters can be found in the
brackish water swamps of the upper interti-
dal zone (MacNac 1968) wherc its digging
activities can produce large islands of mud.

The first overt sign of mudlobsters in a
mangrove arc the large piles of mud the ani-
mals have excavated from their extensive
network of burrows. The burrow is a compli-
cated structure, full of interconnections and
blind cndings. The burrowing activities of
mudlobsters have several important ecologi-
cal ramifications.

A propurtion of the water-borne nutricnts
entering mangrove ecosystems cventually
diffuse through the aerated surface layers of
the muddy substrate to a depth beyond the
reach of the root systems of mangrove trees.
The copious amounts of mud from depths up
to two metres brought to the surfacc by 7.
anomala returns nutrients to the surface
layers from which they are absorbed by the
nutritive roots of mangrove trees. Another
benefit of mudlobster and other burrowing
fauna excavations is the increased depth of
aerated soil in mangrove habitats.

The abundance of T. anomala occurring in
a typical muddy location has never been
accurately assessed — hardly surprising con-
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sidering if it were not for the distinctive piles markets, even though the animals are only
of mud cjected from their burrows we would  caught for six months of the year.
have little idea of their presence at all. How- Interviews with local indigenes in northern
ever, wc believe a reasonable estimate of Australia have established that mud-lobsters
density can be derived from a walk througha are a component of the diet of coastal
mangrove after the tide has just uncovered aborigines. The importance of this resource
the seaward fringe. At this time many of the or the method of collection is not known.
resident mud lobsters are in the process of There is some disagreement among
ejecting mud from their burrows. The much authors as to what mudlobsters eat. Pearse
darker coloured freshly deposited mudis eas-  (1911) reported the presence of vegetable
ily recognized signifying a mudlobster in matter in the gut of a specimen he examined
oceupancy of the burrow. On this basis, sev- and concluded the animal had been feeding
eral of the seaward fringes of mangroves in on the stems of vascular plants. After the
the Darwin region would support something cxamination of a dozen specimens of mud
in the order of 3-4 individuals per 10 square lobsters from mangroves in Malaya, Johnson
metres. At higher levels of the intertidal zone  (1961) proposed the animals are mud feed-
the mounds of mud above each burrow arc ers, ingesting mud while in the burrow and
much larger as there is less erosion by tidal digesting the algae, protozoa and detritus
currents. There are fewer burrows at these adhering to each particle of mud. He found
higher levels. the mouthparts and gut exhibited features
Populations of 7. anomala can be large consistent with mud feeding. It is possible,
cnough to support commercial exploitation. however, that mudlobsters cat the softer root
In Fiji, an ingenious method of trapping tissues of mangrove trees, something that
mudlobsters (Pillai 1985) supplies 19 per cent  could be accomplished in the burrow and
of the crustaceans available for sale in local would not require mouthparts adapted for
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Fig. 2. Location of fossil Thalassina sites in northern Australia. From left to right: King River, Daly River, Gunn
Point-Darwin, South Alligator River.
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Fig. 3. Comparison between preserved and fossil Thalassina material: a-c. dorsal view; d-f lateral view.
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eating hard vegetation. Therefore, the ques-
tion of diet must await further investigation.

We know even less about mudlobster
reproduetive behaviour and ean only assume
mating oceurs in the burrow. Pillai (1985)
records that at Laueala, Rewa, in the Fijian
islands. the spawning peak of mudlobsters is
between September and November, with
berried females carrying up to 100,000 eggs
on the pleopods. It is thought that the female
mudlobsters eome to the surfaee during noe-
turnal high tides to disperse the pelagie zoea
larvac. The larvae spend some two to three
weeks in the plankton before migrating to
brackish water for the latter stages of larval
life.

THALASSINA MORPHOLOGY

Detailed deseriptions of Thalassina speeics
for systematie or funetional anatomieal pur-
poses should be sought clsewhere (De Man
1928). Adult T. anomala range between 150
mm and 250 mm in length from the tip of the
rostrum to the end of the telson. Female fos-
sil Thalassina specimens ean be distinguished
from the males by their broader, deeper ter-
gites (abdominal plates) and deecper more
flared abdominal pleurites (ventro-lateral
extentions of the terga) (Fig. 3). The main
body parts consist of a large eephalothorax
and a long, narrow abdomen eomposed of 6
dorsal segments and a tclson. Typieal of
anomuran deeapods, Thalassina has five
pairs of legs. The first of these, the ehelipeds,
are equipped with large elaws. The seeond
pair of legs are smaller versions of the first
chelipeds. The remaining three pairs are
walking legs, of whieh the last pair (5th) are
weak and spindly. Each walking leg termi-
nates in a pointed dactyl. Thalassina speei-
mens often have one first cheliped that is
mueh larger than the other. In forms where
this is a eonsistent dimorphie feature it is eal-
led the major cheliped. This feature is incon-
sistent and variable in the fossil Thalassina
sample from the Darwin arca.

In fossil speecimens details of the oral and
sensory region underlying the rostral projee-
tion of the anterior carapaee (“hcad”) are
usually damaged or obseured. Living Thalas-
sina have a pair of diminutive eyes on short
stalks laterally protected by an orbital spine
that projeets from caeh side of the rostrum.
Paired antennae arise ventrolaterally from
below the oeular peduneles. The smaller
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antennules arise from paired bases situated
medially to the antennae. The antennae and
antennule bases bear an arrangement of
spines that are speeies diagnostie for Thalas-
sina. These strueturcs have not been
examined in detail on the fossil specimens for
the reasons already mentioned,

The earapaee structure of Thalassina is of
importanee for understanding the presenta-
tion of Thalassina fossils (Fig. 3). The large
paired lateral portions of the eephalothorax
(branchiostegites) are usually well preserved
in the fossils. The mid-posterodorsal portion
of the earapace however, is invariably mis-
sing in fossil speeimens resulting in a wide
gap between the branehiostegites. The
anterior carapace is attached to the posterior
or gastro-eardiae portion by a decp erease
called the cervieal groove. Another pair of
grooves called the [lincae thalassinica
delineate the attachment of the sides of the
posterior earapace with the branehiostegites.
These and other relevant struetures are
shown in Fig. 3.

PRESENTATION AND MODE
OF OCCURRENCE

Fossil Thalassina speeimens exhibit a strik-
ing uniformity in their appearanee and pre-
sentation. They oeeur in eoneretionary
nodules of ealearecus mudstone, being
weathered to various degrees, that may
obscure all but a few portions of the most
prominently projecting structures of the
earapaec. Conversely, specimens may
weather to the extent that the more durable
earapace material, exeept for its subtending
and interstitial matrix, beeomecs almost
entirely exposed.

Coneretions eontaining mudlobster fossils
are casy to recognize on the basis of their size
and length to diameter proportions, but most
speeimens oceur in a partially weathered con-
dition in whieh the abdominal segments and
the tips of the ehclipeds arc exposed. The
exoskeleton invariably oceurs with its
ehelipeds extended horizontally in front of
the carapace. the latter being represented by
paired side plates (the branchiostegites) that
arc deflected away from the midline of the
thorax resulting in a greatly cxpanded basin
or trough in which the slumped anterior
earapaee, or “head end” of the animal can
usually be found. The abdominal segments
eommenee immediately posterior to the
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gaped branchiostegites where in dorsal
aspect, two or three of the anterior most
tergites are often visible. The remaining
portion of the abdomen, viewed in ven-
tral aspect, is flexed tightly benecath
the thoracic region where the distal
end of the telson comes to lic as far for-
ward as the third leg base. Amateur collec-
tors commonly confuse the dorsal for the
ventral side of the animal which gives the
impression of a long, segmented abdomen
curling tightly over a broad, compressed
“back”. This, in conjunction with the fully
extended chelipeds has resulted in the wide-
spread misconception that the mudlobster
fossils are “scorpions”.

The hardness, texture and colour of the
matrix and colour and hardness of the pre-
served exoskeleton of fossil Thalassina dif-
fers from one locality to the next. Specimens
from the Daly River estuary are typically
light bluish grey in a light tan matrix with a
chalky texture which is easily scraped away
by the thumbnail. Thalassina fossils from the
mouth of the South Alligator River are
greyish white, embedded in a homogeneous
tan-grey matrix which also readily scrapes
away on the surface, but grades into a harder,
dark grey material a few millimetres deep
from the surface. The concretions from

South Alligator River are often large and
somewhat irregular in shape. Fossil Thalas-
sina collected by Russell Hanley from the
King River, Kimberleys, Western Australia,
while typical in all basic characteristics, but
having thin, patchy representation of the
exoskelton are the least well preserved. Four
of the five specimens in our collection consist
entirely of internal casts of light grey
mudstone. Specimens collected from Lud-
milla swamp, a mangal located about 5 km
from the N.T. Museum, have well preserved
exoskeletal elements of a ycllowish-tan col-
our embedded in an organically rich com-
pound of shelly, bioturbated mudstone with
iron oxide flecks.

The most attractive and sought after speci-
mens from the Darwin area are collected at
low tide from a sandy beach located near
Gunn Point, several kilometres north of a
minor estuary called Hope Inlet. These have
very hard, rich reddish-brown to black exos-
keletons embedded in a fine, homogeneous
reddish brown to light reddish tan coloured
matrix that resists scratching by the
thumbnail. Because the matrix is very hard
and the exoskeleton is darkly stained and
evenly polished by having rolled around in
the sandy littoral zone of the beach, they give
an impression of greater antiquity than the

Fig. 4. R‘elative positions of carapace sections before and after moult: a, stippled area shows shape of carapacc in a
live specimen; b, the branchiostcgites have been displaced laterally and the dorsal sections of the carapace sink into
the body cavity; ¢, dorsal view of intact carapace in a live specimen; d, during the moult, the branchiostegites are dis-

placed laterally and the head cap is tilted forward. The posterior scetion of the carapace cannot be secn in the fossil
specimen shown.
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rest. The matrix of specimens from all
localities show a strong reaetion to aeid but
vary somewhat in amount of incorporated
organic debris and metallic oxide staining.
These differences relate to the nature of the
substrate in which the fossils formed, the pro-
ximity of iron and manganese oxide deposits
(principally laterites) and certain post-depos-
itional proeesses that have affected fossil
assemblages after removal from their beds of
origin. More will be said about this under fos-
silization processes and dating.

Thalassina fossils are by far the most com-
mon species in these assemblages. At Gunn
Point, Thalassina concretions comprise
about one third of the total identifiable mat-
erial consisting primarily of fossilized wood
fragments, teredo worm tubes, mud whelk
shells and mud crab chelipeds (rarely the
carapace). Segments of burrow casts, some
undoubtedly representing Thalassina bur-
rows, others possibly representing various
burrowing erustaeea and polychaete worms
are also common. The great abundance of
fossil Thalassina remains has resulted in
much verbal speeulation as to the eir-
cumstances of their origin. Most of these
ideas involve some notion of mass mortality
or a specific, temporally defined geomor-
phological event that might facilitate the pre-
servation of such material. Hyposalinization
of an estuary due to flooding with frcsh
water, possibly during a eyelone; hypersalini-
zation of the habitat due to stream course
changes, estuarine remodelling or drought;
local uplift; sea level depression and
increased sediment loads resulting in a rapid
infiltration of Thalassina burrows with silt
have been suggested as causal factors. As will
be demonstrated, an explanation of the
abundance of Thalassina fossils requires
none of these elaborate hypotheses, because
they represent moulted exoskeletons, a con-
siderable number of which are shed by each
individual during its normal life cycle.

EVIDENCE THAT THALASSINA
FOSSILS REPRESENT MOULTS

Thalassina fossils oceur in a eharacteristic
posture consisting of a horizontal extension
of the chelipeds, inferior and backward dis-
placcment of the anterior carapace (“head™),
the branchiostegites (side walls of the thorax)
are displaeed laterally and the tail (abdomi-
nal segment) is curled tightly beneath and is
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elosely approximated to the inferior thorax.
On some specimens, the dorsal midline plate
which in the living animal forms the back of
the earapace, has eome to lie in front of the
anterior carapace. This posture, known as
“Salters position” is commonly seen in
ecdysized (moulted) crustacean exoskele-
tons. Among the hundreds of specimens
from the Darwin area examined by us, any
exception to this echaracteristic position
would be regarded as highly unusual.

In dorsal aspect, the fossil mudlobsters are
1.5 to 2.0 times as wide across the carapace
than living or prescrved spccimens of equal
length. The reason for this is readily
observed in frontal view. The anterior mar-
gins of the branchiostegites are nearly verti-
cal relative to the midline in living specimens
whereas the fossils describe a much greater
angle (Fig. 4), suggesting that they have been
pushed outwards. This “exploded™ condition
contributes to the superficially scorpion-like
appearance of the fossil specimens, as docs
the fully-extended position of the chelipeds.
The anterior carapace, having collapsed
inferiorly and the absence of the posterior
carapace (both are usually partially or wholly
obscured by the matrix that has infiltrated
the interior of the thorax) create the impres-
sion of a low profile arthropod, whereas the
intact Thalassina has a very deep carapace
with a eonvex profile.

The tateral displacement of the bran-
chiostegites, the displacement anteriorly or
laterally of the dorsal, posterior carapace,
the consistent, posteriorly retracted and
inferior displacement of the “head™ (anterior
earapace), and tightly adducted abdominal
segments (Fig. 5) provide the strongest cvi-
dence for the mudlobster fossils representing
preserved successive, moulted exoskeletons
of Thalassina. This fact also accounts in part
for the local abundance of the fossils which
seems out of proportion to thc other fossil
mangrove spccies that occur in association
with them. The other factor of singular
importance is that the mudlobsters undergo
ecdysis in their burrows, in conditions more
conducive to preservation than surface-
moulting crustaccans. It is therefore
unnecessary to postulate instances of mass
mortality due to freshwater flooding (to
which Thalassina is very resistant) or pro-
longed periods of drying of the substrate due
to uplift, estuarine channel shifts or other
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geomorphological phenomena to account for
the abundance of mudlobster fossils.

The condition of fossil Thalassina permits
the reconstruction of the general pattern of
exoskeletal exuviation, which to our know-
ledge, has not been recorded from a living
specimen.

MODE OF ECDYSIS INFERRED FROM
FOSSIL THALASSINA

In common with all Anomura, Thalassina
emerges from the dorsal midline of its moulted
carapace through a trap-door mechanism in
the posterior cephalothorax. (sce Fig. 6).
The adaptation is well suited to moulting in
confined spaces because the posterior and
arching component of withdrawl from the old
carapace is minimized. The gastric and car-
diac segments of the postero-dorsal
cephalothorax are separated from the bran-
chiostegites by u clearly defined pair of
grooves. the lineae thalassinica. Hormonal
changes that initiate the molt reduce the
integrity of the seams that finally give way to
muscular pressure resulting in the separation
of a long tapering flap of exoskeleton. As the
animal arches and withdraws posteriorly, the
gastric flap is forced upwards. remaining con-
nected by thin membranes on cither side of
the posterolateral margins of the cervical
groove. As the “head” is withdrawn from the
anterior carapace, which has simultaneously
separated from the branchiostegites in the
area of the hepatic groove, the anterior
carapace is dragged posteriorly and eventu-
ally collapses to lic well inferior to its original
position. Having freed its anterior end, the
mudlobster commences withdrawing its
chelipeds and anterior appendages while
moving its whole body anteriorly. The for-
ward movement often pushes the gastric
plate over the anterior carapace so that it
may come to lie anterior to it, although in an
equal number of fossils, the gastric plate is
pushed sideways where it comes to lie
alongside the anterior carapace. The action
of withdrawing the chelipeds results in the
extension of the cheliped exuviae into a hori-
zontal plane parallel with the body. A
specialized anterior abdominal tergum (the
first dorsal plate on the abdomen) rotates
backwards to facilitate the withdrawal of the
abdomen. The muscular action of the
abdominal withdrawal process results in
characteristic tightening of the curl of its tail,
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the last segment of which comes to lie much
further anteriorly beneath its body than in its
usual living posture. The newly moulted
Thalassina. freed from its old carapace,
probably remains in the moulting chamber at
least long enough to harden its carapace for
renewed digging activity. This may result in
secondary, though slight, disturbance of the
classic Salter’s position of the moulted
carapace. It may also initiate the fossilization
process of the moult by backfilling the
evacuated chamber with finely turbated
material that may have accumulated during
the resting period.

TAPHONOMY AND DATING OF
THALASSINA FOSSILS

All of the known sources of Thalassina fos-
sils in northern Australia occur in or in close
proximity to present day mangrove littoral
deposits where living Thalassina are known
to occur. Comparison of living and fossil
Thalassina specimens from the same general
area indicate they are probably the same
species. Synonomy has not yet been verified
by systematists because the diagnostic fea-
tures revealed by the antennule and antenna
bases are either obscurcd by matrix or
croded away. We consider the local living
species to be T. anomala and the local fossil
species to be T. cf. anomala. Some fossil
Thalassina localities contain in situ fossils.
These beds are exposed during low tides. The
fossils can be seen protruding slightly above
the surface of mud bars in the mouth of the
Daly River. At Kapalga Landing, South
Alligator River, the concretionary nodules
containing Thalassina occur scattered on the
muddy surface exposed at low tide. How-
ever, the Shoal Bay specimens collected from
the sandy beach South of Gunn Point are
found several kilometres from the estuary
(Hope Inlet) where a vast area of suitable
habitat for the species T. anomala is located.
Surveys of the Shoal Bay beach have
revealed no likely source for them in the
immediate area of their greatest abundance.
The only consolidated sedimentary rocks
exposed above the high water mark are
beach rock and recent calcarenites that are
lithologically incompatible with the fossils.
The Cretaceous rocks exposed at very low
water in the area are also lithologically
incompatible with the mud lobster fossil mat-
rix, Shoal Bay Thalassina fossils were occa-
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sionally reported to have come from visible
outcrops but none of these could be verified.
Concretions are secondarily depositedin cre-
vices in the beach rock and calcarenites by
wave action, along with other strand debris;
providing a likely explanation for the obser-
vations. The Shoal Bay locality can therefore
be narrowed down to two possible sources
for the fossils: they originate from the tidal
estuary of Hope inlet and are carried by
strong currents to the approximate central
portion of the beach or they are eroded from
sediments below the low water mark to sea-
ward of the area of their greatest abundance.
Either way, their original sourcc is equally
distant as exploration of the beach on the
lowest spring tides indicates the sand deposit
extends at Icast scveral kilometres into Shoal
Bay waters. The latter hypothesis infers a
major change in the Hope Inlet-Shoal Bay
shore line geomorphology, whereas the
Hope Inlet source does not require elabora-
tion.

Recently excavated drains cut through the
Ludmilla mangal provided a unique oppor-
tunity to examine extensive sections through
a typical muddy littoral deposit in which
mudlobstcrs occur. We found not only the
extensive burrow net-works of living mud-
lobsters, but in situ fossil Thalassina. Exami-
nation of thc sediments in the bottom of
ditches and in section along the sides gave a
strong indication that hard, concretionary
fossils and burrow casts in sitit could not be
distinguished stratigraphically from active
burrow systems, and in many instances
proved to be intcrconnected. Moreover, in
the organic-rich, high littoral areas where the
cuttings were made, the concretions encasing
mud lobster fossils contained organic dcbris
in the same, apparently very recently incor-
porated, state of preservation as in the sur-
rounding, presently actively bioturbated sub-
stratc. From a geological point of view, the
Ludmilla mudlobster fossils are essentially
modern. The Ludmilla substrate is much
coarser than the substrates represented in
lower littoral fossil mudlobster sources that
are only exposed at low water. This is duc to
a higher detrital content and morc prolonged
periods of exposure to the air and higher
ambient temperaturcs at the surface which
seem to encourage the formation of con-
crctionary nodules. The high density of con-
cretions, consisting primarily of Thalassina

burrow casts, made excavation by shovelling
extremely difficult. It is of course, possible
that the occurrence of in situ fossil mud-
lobsters and their burrows along with living,
actively burrowing mudlobsters is due to a
previous lowering of the sea level with resul-
tant fossilization, followed by a re-invasion
of the area by mudlobsters after the sea level
returned to its present level. However, the
uniformity in the conditions of organic mate-
rial in the fossil concretions and adjacent
active burrows, and the lack of any distinc-
tive bands of previous laterite development
seem to support the probability of an ongo-
ing, continuous process of fossilization of
mudlobsters at Ludmilla swamp throughout
later Holocene times to the present. The Lud-
milla swamp example indicates that the
majority, if not all of the mudlobster fossils
are of very recent origin, probably mid-
Holocene and less in age (5000 B.P.) and
accounts for the lack of clearly defined
stratigraphic delineations for beds containing
the concretions. Their abundance and wide-
spread distribution is also explained by the
fact that they represent successive moults of
numerous individuals. The fossilization pro-
ccss is continuous, rapid and occurs in virtu-
ally every major estuary in northern
Australia. The rate of the fossilization pro-
cess is indicated by the rapidity at which man-
grove mud, taken from mudlobster burrows
attains a concrete-like hardness. Mud sam-
ples removed from Ludmilla were gently
compacted in balls of approximately
10 x 15 ¢cm and sealed in plastic bags. These
hardened to a thumbnail scratch consistency
within a month, although they are less hard
and have less mass by volume than the natur-
ally occurring concretions. Iron oxide stains
and incipient mineralization of the mudballs
had also commenced. The natural casts and
concretions diffcr in having formed around a
nucleus of carbonate-rich material, either
shells or mudlobster cxoskeletons. They
have also undergone in sin lateritization in
which metallic oxides have been mobilized
by the tidal fluctuations of the water table.
While there is no experimental cvidence
other than the “mudballs™ to support our
observations, it seecms very probable that
very hard, dense concretions can developin a
mattcr of a few years of mineralogical trans-
fer, recrystallization and oxidation in a car-
bonate rich environment with a rapidly fluc-
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Fig. S. A range of I'halasaym fossils showing little variation in the relative positions of body parts. The simlarity of
all fossil mudlobsters configurations demonstrates the moulting process is the likely cause.
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tuating water table and high water tempera-
tures.

The Shoal Bay mudlobster fossil mode of
occurrence and appearance can be explained
as being the result of circumstances of fossili-
zation similar to that of Ludmilla swamp.
The source of the fossils however, is from a
finer sedimentological regime nearer the low
water mark than those of Ludmilla swamp.
Mudlobsters moult within a chamber
developed as a cul de sac in their burrow net-
work. The exuviated exoskeleton forms a
nucleus for the development of a concretion
from the backfill of the chamber abandoned
by the emergent Thalassina. The concretions
are eventually brought to the surface of the
substrate by normal bioturbation and local
changes in erosional foci after which they arc
tumblcd along an expanse of several
kilometres of sca bed by strong tidal currents
and washed ashore by wave action. All of the
specimens from Shoal Bay beach are extcn-
sively rolled, indicating a rclatively long dis-
tance of transport from their original source.
If the source were immediate to their area of
occurrence we would expect to find some
unweathered cxamples, ie. if washed straight
in from a subtidal source directly out from
their stranded position. The differencein col-
ouration and greatcr hardness of the Shoal
Bay or Gunn Point mudlobster fossils is due
to a proccss of secondary permineralization
due to contact with the iron- manganese rich
sediments of the local Shoal Bay sea bed that,
as it is carricd in solution, is attracted to thc
carbonate-laden concrctionary material and
exoskeleton. The differential colouration of
the shell and matrix is directly related to the
proportion of carbonates to other minerals
present, resulting in a higher infiltration of
oxides in the predominatcly carbonate exos-
keleton. The iron-manganese source in the
Shoal Bay area is eroded lateritc material
which comprises a significant fraction of the
beach sand.

EVIDENCE FROM MANGROVE
SWAMP DATING AND
GEOMORPHOLOGY

Recent studies of mangrove swamp
development in the Northern Territory
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coastline (Woodroffe, Thom and Chappell
1985) indicate that the formation developed
from 6,500 to 7000 radiocarbon years ago,
coincident with the last stage of the post gla-
cial sea level rise. Subsequent to its initial,
very extensive spread, as determined by core
drilling, the mangrove swamps underwent a
dramatic reduction in extent by about 5,500
years ago in response to continued sedimen-
tation resulting in black soil plains. The pre-
sent extent and pattern of mangrove facies
was established in mid-Holocene times indi-
cating that the mud-lobster fossils can be no
older than about 7000 radiocarbon years if
recovered in situ from the oldest mangrove
facies, but are more likely to be younger than
5,500 years old if they are recovered from
derivative deposits such as Shoal Bay beach
(Gunn Point). Itis unlikely the phase of man-
grove swamp reduction that occurred bet-
ween 7000 and 6500 years ago was solely
responsible for the mudlobster fossil deposits
because subsequent cxtensive down cutting
and substantial stream channel changes
would be necessary to expose the previously
choked out beds. However even if the fossils
could be attributed primarily to a single event
of approximately 1000 years duration, their
recent origin is well established.

We conclude that the mudlobster fossils
are all post-Pleistocene age, no older than
7000 radio carbon years, and probably consid-
erably youngcr. Because they invariably rep-
resent moulted exoskeletons, the evidence
for an event bascd mass mortality of Thalas-
sina due to incrcased scdimentation seems
unlikely. The evidence from Ludmilla
Swamp supports the proposition that the for-
mation of Thalassina fossils is a continuing
proccss, but the rate at which the concretions
develop has not yet been established.
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Fig. 6. Stages in the moult of Thalassina anomala; a, rupture of cephalothorax along lineac thalassinica; b, posterior
dorsal section of cephalothorax pivots around hepatic groove and is rotated forward and laterally by bulging out of
animal’s anterior end; ¢, cephalothorax is free as is major eheliped, animal struggles to free rest of legs; d, using legs
braced against old exoskeleton animal extracts abdominal segments.
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